ABSTRACT Background: Wheatgrass (Triticum aestivum L.) is consumed worldwide and has been used for health benefits and as functional food or nutraceuticals. While ricegrass (Oryza sativa L.) is still not well documented, which is also in the grass family (Poaceae) as wheatgrass. Also, similar to wheatgrass, ricegrass is produced with aged around 8-10 d. Moreover, priming is a process for enhancing seed vigour properties and improving bioactive compounds. Utilization of fish protein hydrolysate (FPH) for liquid fertilizer is more interesting in order to increase the nutritional value and bioactive compounds as well as antioxidant activity of many plants.
Fish protein hydrolysates (FPH) produced from byproduct of fishery industry are now interesting. Actually, the utilization of FPH is common in a wide spectrum range for food and food ingredients as well as fertilizer (7) . FPH is known to be rich in amino acids, which is essential for proline metabolism. Mackie (8) addressed that FPH contained high proline and proline precursors which have been demonstrated to have growth improvement in vitro tissue culture. All proline, proline precursor (glutamate) and proline analogue (hydroxyproline) can be exploited for plant tissue culture and propagation (9) . Germination rate, plant height, fresh weight and total phenolic content of fava bean were significantly increased when primed with mackerel fish protein hydrolysate (10) . However, seed vigour (weight and height), phenolic compounds, chlorophyll content and antioxidant activity of soybean and tomato were different and depended on FPH concentration during priming process (6) . Using 5 ml/l of FPH had higher values in soybean compared with using 2.5 ml/l FPH while seed vigour of tomatoes were highly increased when using 2.5 ml/l FPH compared to 5 ml/l.
Only wheatgrass juice is very popular and has been used for functional, nutraceutical food to serve health benefit, in fact rice is in the grass family; Poaceae as wheat. In addition, malting of wheatgrass and ricegrass is also produced with aged around 8-10 d (4) but using of ricegrass as functional food or juice or food ingredient is not well established. From the literature review, the fish protein hydrolysate priming has been reported for improving nutritional value and bioactivity in some plants such as corn, soybean and tomato (6) . Therefore, this study aimed to use FPH for improving germinated rice. Additionally, the chemical compositions, bioactive compounds and antioxidant activity of ricegrass were also monitored.
MATERIALS AND METHODS: Materials:
The rough rice of Chainat 1 variety with moisture content less than 14% was obtained from Phattlung rice research center located in Phattalung, Thailand. The rice was harvested in June, 2014. The rice seed was used as the primary sample within 6 mo. The rice seeds were soaked with fish protein hydrolysates solution (at ratio of rice seed to fish protein hydrolysate solution as 1:5) at different concentrations (0, 5, 10, 15 and 20 mg/l) for 24 h at room temperature (28±2 ºC). The untreated primed seeds were washed with tap water then, spread on surface of the soil filled in plantation bed. Five-hundred millilitres of water was sprayed on the plantation bed size 35.5x55x4.5 cm every day for 7 d.
METHODS

Seed vigour properties
The seed vigour properties included germination rate, plant height and fresh weight. The germination rate was calculated as equation 1. Germination rate = Total number of seedling emergence (1) Total number of rice seed
The plant height determined as shoot height above the soil was directly measured. The fresh weight of seedling was measured after plant was cut from above the soil (7).
Nutritional value
Nutritional values of ricegrass including moisture, protein, fat, fiber, ash and carbohydrate contents were analyzed following the AOAC (2000).
Bioactive compounds
The shoots above the ground 1 cm were cut, washed with tap water, drained for 2 min and kept at 4 º C until analysis.
Determination of chlorophyll and carotenoid content
Chlorophyll a, b content and carotenoid content of ricegrass shoots were analyzed following the AOAC (1990).
Determination of phytic acid content
Phytic acid content was determined by the method of Haug and Lantzsch (11) . Briefly, the sample (0.8-1.0 g) was extracted with 25 ml of 0.2N HCl in flask and shaken for 1 h on shaker at 30 ºC, thereafter mixture was added with 1 ml acidic ammonium iron-III sulphate (FeNH 4 (SO 4 ) 2 ) solution and heated at 105 ºC for 30 min. After cooling down, the solution was centrifuged at 1600 xg for 30 min, then the supernatant (1 ml) was transferred to test tube and 1.5 ml of 2,2-bipyridine solutions was added. The absorbance was measured at 519 nm. A decrease in absorbance of iron content, in the supernatant was measured and taken to calculate for phytic acid contents.
Total phenolic and antioxidant activity Preparation of ricegrass extract
The ricegrass shoots from each treatment were homogenized with water at ratio of ricegrass to water as 1:2 for 5 min, centrifuged at 10000 g for 20 min, and the supernatant was freeze dried. The powder was stored at -20 ºC until further analysis.
Determination of total phenolic content
The powder of ricegrass extract (0.1g) was dissolved in distilled water (10 ml) to obtain stock solution for measurement total phenolic content (12) . The total phenolic content of the ricegrass was measured using a modified Folin-Ciocalteu method (13) . Briefly, the ricegrass extract 0.5 ml was put into volumetric flask, then added with 10% (v/v) Folin-Cioculteu reagent 5 ml and allowed to stand at room temperature for 5 min. Thereafter 4 ml of 1 M Na 2 CO 3 was added and adjusted final volume to 10 ml, kept in dark for 90 min. The absorbance was measured at 750 nm. The measured values were compared with a standard curve of various gallic acid and expressed as milligram of gallic acid equivalents/g ricegrass.
Determination of antioxidant activities
Radical scavenging assay by using DPPH; The working solution of ricegrass extract was made from stock solution mentioned in 2.4.2 then ricegrass extract (1.5 ml) from the right concentration was added with 1.5 ml of 0.15 mM 2,2-diphenyl-1-picryl hydrazyl (DPPH) in 95% ethanol. The mixture was mixed and allowed to stand for 30 min at room temperature in the dark. The absorbance of the resulting solution was measured at 517 nm using spectrophotometer. The blank prepared in the same manner, except that distilled water was used instead of the sample. A standard curve was prepared using Trolox in the range of 10-60 µM. The activity was expressed as µmol Trolox equivalents (TE)/g ricegrass (14) . ABTS radical scavenging activity; The stock solutions included 7.4 mM 2,2'-azino-bis-3-ethylbenzthiazoline-6-sulphonicacid (ABTS) solution and 2.6 mM potassium persulphate solution were prepared. The working solution was prepared by mixing the two stock solutions in equal quantities and allowed them to react for 12 h at room temperature in the dark. The extract (150 µl) was mixed with 2850 µl of ABTS solution and left at room temperature for 2 h in the dark. The absorbance was measured at 734 nm using the spectrophotometer. A standard curve of Trolox ranging from 50 to 600 µM was prepared. The activity was expressed as µmol Trolox equivalents (TE)/g rice grass (14) . The ferrous tripyridyltriazine complex was measured by reading the absorbance at 593 nm. The standard curve was prepared using Trolox ranging from50 to 600 µM. The activity was expressed as µmol Trolox equivalents (TE)/g rice grass (14) .
Statistical:
The data was subjected to Analysis of Variance (ANOVA) and the differences between means were evaluated by Duncan's Multiple Range Test.
RESULTS: Seed vigour properties:
The result found that using FPH as priming solution improved seed vigour properties of ricegrass as showed in Figure 1 . In addition, ricegrass primed with 10 ppm FPH possessed the highest seed vigour properties.
Nutritional values:
Using FPH priming influenced nutritional values of ricegrass including ash, protein, fat and carbohydrate content except moisture and fiber content ( Table 1 ). The ash content of ricegrass primed with FPH at 10 ppm was higher than other FSH treatments but was not significantly different when compared with control rice (p>0.05). The highest protein content of ricegrass was found in ricegrass primed with FPH at 10 ppm (p<0.05). It was noticed that the content of protein was decreased in ricegrass when primed with FPH at high concentration (15 and 20 ppm). Moreover, fat content of ricegrass primed with FPH were higher than control rice sample. However, fat content in ricegrass primed with FSH at 5 ppm and 20 ppm were lower compared with 10 and 15 ppm treatments. Moreover, carbohydrate content of ricegrass was highest at 10 and 15 ppm of FPH. Chlorophyll and carotenoid content: The FPH treatment significantly stimulated chlorophyll and carotenoid content of ricegrass (p<0.05) as showed in Table 2 , which was higher than control. Chlorophyll a and total chlorophyll content in ricegrass primed with FPH at 15 and 20 ppm was similar and seemed to be higher compared with other treatments, while chlorophyll b content was highest in ricegrass primed with FPH at 5 ppm. Moreover, carotenoid content was increased when FPH increased. 
Phytic acid content:
The rice seed contained phytic acid content about 11.19%, thereafter this content was diminished during sprouting. Comparing of priming effect, it was found that concentration of FPH had affected phytic acid content of ricegrass as showed in Table 3 . The phytic acid content of ricegrass primed with FPH at 5 and 10 ppm significantly decreased (p<0.05) thereafter, it increased. Moreover, the phytic acid content was highest in ricegrass primed with 20 ppm among the primed seed samples. Total phenolic compounds: Priming the rice seed with FPH had a great effect on total phenolic content as showed in Figure 2 . The FPH priming significantly increased total phenolic content in ricegrass compared with control sample (p<0.05). The total phenolic content of ricegrass started to increase and peaked highest at 10 ppm of FPH, then decreased when concentration of FPH was higher than 10 ppm (15 and 20 ppm). Antioxidant activity: The antioxidant activity of ricegrass primed with FPH showed in Table 4 . It was found that FPH priming significant improved antioxidant activity of ricegrass when determined by DPPH, ABTS and FRAP assay (p<0.05). The results showed that DPPH radicals scavenging activity was highest in ricegrass primed with FPH at 10 ppm. However, the ABTS radicals scavenging activity was highest in ricegrass primed with FPH at 5 ppm. Moreover, the FRAP assay of ricegrass primed with FPH at 10 and 15 ppm was higher than other treatments. (15) addressed that humus and/or added fertilizer in the soil is a major source of nitrogen element for synthesis of essential amino acids for supporting seed vigour. Milazzo et al. (16) explained that FPH was rich in proline, which help stimulate plant growth and development. However, seed vigour was significantly inhibited when a FPH solution higher than 10 ppm was applied. The result showed that seed vigour responded to FPH as bell curve, which may be explained by an adverse osmotic effect at high concentration of FPH (17) . It pointed out that the FPH priming improved rice vigour when appropriate amount was used, thereafter it also had a negative effect. Horii et al. (6) stated that germination percentage, weight and height of tomato and soy bean sprout were highest at 5 ml/l FPH compared with 2.5 ml/l FPH and control. In contrast, plant height of corn sprout was highest at 2.5 ml/l FPH. However, priming with 2 ml/l FPH increased germination rate of fava beans seeds (18) . Therefore, it can be concluded that increasing of seeds germinate rate depended on not only FPH concentration but also plant species. Moreover, FPH priming affected nutritional values of ricegrass. This may be due to fish protein hydrolysate as a source of amino acid and nitrogen element, which plays a great role in synthesis of nutrients in plants. Mohammad (19) addressed that N fertilizer significantly affected the nutritional values of grasses. Moreover, nitrogen is an important element for protein synthesis in plants. Almodares et al. (20) explained that an increase of protein contents with increased fertilizer levels due to N fertilizer could enhance amino acid formation in plants. In contrast, Khumkha (21) explained that excessive amounts of nitrogen could be toxic in plant cells, therefore the protein content may be reduced. Mohammad et al. (22) reported that the crude protein content of napier grass treated with N fertilizer was higher than control, and increasing amount of protein was found with increased N fertilizer. Hasan et al. (23) supported that the protein content of cowpea forage was influenced by the increasing level of nitrogen fertilizer. Moreover, some amino acids contained in FPH are precursor compounds for lipid synthesis in plants through acetyl-CoA pathway for fatty acid producing (24) . Mohammad et al. (22) reported that ash content was not influenced by the increasing levels of N fertilizer. In contrast, ash content was slightly decreased at high levels of N fertilizer (19) . Therefore, it pointed out that the improvement of nutritional value of ricegrass depended on appropriate concentration of FPH.
Chlorophyll and carotenoids are photosynthetic pigments in plants. The results found that these pigments responded to FSH priming. Reinbothe and Reinbothe (25) reported that FPH is rich in glutamic acid, which is the initial amino acid substrate of chlorophyll biosynthesis in plants. Moreover, Daughtry et al. (26) mentioned that nitrogen compounds obtained in FPH is a structural element of chlorophyll, which affects chloroplasts formation and chlorophyll accumulation in plants. Besides that, cytokinins and cytokinin-like compounds could be stimulated in chlorophyll synthesis. Therefore, FPH may contain a cytokinin-like compound from protein resources. Imai et al. (27) suggested that cytokinin may stimulate chlorophyll biosynthesis by affecting the amount of mRNA related to chlorophyll a/b binding protein and small subunit of ribulose-1,5-bisphosphate carboxylase oxygenase. Horii et al. (6) stated that chlorophyll content of soybean primed with FPH was increased, due to combination of glutamic acid substrate in FPH and endogenous cytokinin in soybean, which stimulated chlorophyll biosynthesis by proline linked PPP activity. Kansal et al. (28) reported that nitrogen fertilizer increased the chlorophyll content and associated light absorbing pigment (including carotenoid) in vegetables. However, an increase of chlorophyll and carotenoid in this work was presented as a sigmoid curve. It meant that certain amounts of FPH increased chlorophyll content then once FPH content reached higher levels this would have an adverse effect. Chenard et al. (29) reported that the chlorophyll and carotenoid contents of parsley responded to nitrogen fertilization, the more treated N with the more carotenoids content. In addition, Khumkha (30) reported that the carotenoid content of rice seedling treated with nitrogen fertilizer (NF) at 400 ppm was higher than 200 ppm. In contrast, carotenoids content of sorghum seedling treated with 400 ppm of NF was lowest compared with 200 ppm and control. Moreover, carotenoids of corn seedling and wheatgrass treated with 400 ppm of NF were lower than 200 ppm (30) . Generally, it was found that there was a good relationship between total chlorophyll and carotenoid content due to associated chlorophyll and carotenoid biosynthetic pathways. The signalling functions of intermediate compounds of chlorophyll biosynthesis regulate the transcription of light-harvesting chlorophyll-binding proteins and these proteins are also responsible for carotene and xanthophyll binding (31) . Gibson (32) suggested that nitrogen is the important element for photosynthetic pigment synthesis while the carotenoids accumulate in the photosynthetic thylakoid membranes of green leaves, where they are bound to specific chlorophyll/carotenoid-binding protein complexes of the two photosystems (33) . Moreover, carotenoids act as accessory photosynthetic pigments, with the main functions of light-harvesting and excess energy dissipation. The carotenoids are capable of quenching singlet oxygen and triplet excited chlorophyll, so when light intensity exceeds the photosynthetic capacity the carotenoids are more produced to protect cell death (34) .
Phytic acid is an anti-nutritional substance in cereals, it can affect mineral absorption in the body. The reduction of phytic acid in ricegrass compared with rice seed may be due to an increase in phytase activity to hydrolyze phytic acid to myoinositol and phosphoric acid during seedling (35) . It pointed out that sprouting process could significantly reduce phytic acid content; howver, using higher FPH concentration could also increase this compound. An increase of phytic acid content due to an increase of FPH may be due to FPH, which is a source of amino acid and nitrogen containing compounds such as glutamine, purine and pyrimidine nucleotides, stimulated by phytase activity. Moreover, the biological function of phytase is to liberate inorganic P to provide sufficient amounts for germinating seeds and growing plants. In contrast, excessive P availability in plants will inhibit the phytase activity (36) . Kaya et al. (37) reported that the phytase activity in chickpea treated with N fertilizer was higher than control.
It is known that phenolic compounds are produced as secondary metabolic substances during plant growth. The result indicated that FPH could stimulate plant phenolic compound contents during priming process. It may be due to amino acid derived from FPH stimulated proline -linked PPP (38) . This result agreed with the findings of Horii et al. (6) who explained that FSH enhanced phenolic compounds in corn, soybean and tomato via proline-linked pentose phosphate pathway (PPP) and shikimate pathway. Shetty (38) reported that proline and glutamic acid content in FPH played a key role for supporting proline metabolism and promoting PPP supported phenolic synthesis. Moreover, the result of this study indicated that total phenolic content in ricegrass depended on the concentration of FPH, as bell shape or Gaussian distribution, this may due to nitrogen levels or the concentration of FPH that affect the production of secondary metabolites in plants (39) . Based on the carbon/nutrient balance (CNB) theory, under limited nutrient conditions or low nitrogen fertilization levels, the production of carbon-based secondary compounds as well as phenolic compounds in plants was increased. In contrast, the production of phenolic compounds decreased in presence of increased nitrogen fertilization levels (40). Stefanelli et al. (41) addressed that excess nitrogen availability has inhibited biosynthesis of phenolic compounds and subsequently antioxidant activity in plants. For example, the phenolic content of dark opal basil was lowest when applied nitrogen content was highest (5.0 mM) compared with 1, 0.5 and 0.1 mM of nitrogen content (42) .
The antioxidant activity of ricegrass depended on the concentration of FPH priming. It was hypothesized that primed ricegrass with FPH at the right concentration yielded the highest total phenolic content associated with antioxidant activity. The antioxidant activity measured by DPPH, ABTS and FRAP assays are usually classified as radical quenching via hydrogen atom transfer and/or reduction via electron transfer (43) . A comparison of antioxidant activity between these assays showed that FRAP value was highest for all treatments followed by ABTS and DPPH, respectively. This result could be explained by the fact that the ricegrass was extracted with high polarity solvent as water, thus the hydrophilic compounds in ricegrass may be more dissolved. In addition, FRAP assay was analyzed based on the electron transfer property of the compound in acidic conditions (44) , which indicated that the bioactive compounds had high ferric reducing capacities or donated electrons to reduce Fe 3+ to Fe 2+ . Whilst, the ABTS assay can be used to evaluate the antioxidant activity of both hydrophilic and lipophilic active compounds (45), the DPPH assay was used to determine only hydrophilic compounds. Moreover, it was assumed that since the phenolic compound types and content and/or other compounds such as carbohydrate, protein and fat content had affected extraction ability then antioxidant property would also be affected. In addition, structural and polarity as well as property of solvent, antioxidants present in the ricegrass and radical of each assay were also important. For example, though DPPH and ABTS assay determined the H + donor of antioxidant, there were some differences such as the structure of DPPH radical which was easily to attached with the H + derived from the antioxidant when its polarity was less because of less eclipsed conformation. However, when the antioxidant was high polarity, ABTS value was higher compared with DPPH value because of its polarity not structure problem. Kapkum et al. (21) suggested that the ricegrass (Hom Dang Sukhothai 1) had higher ferric reducing ability (FRAP value) than that ABTS value. Thongboon et al. (46) reported that the antioxidant activity of Hom Dang Sukhothai 1 ricegrass was highest compared with wheatgrass and barley grass. Moreover, using FRAP activity obtained higher value compared to value obtained from using ABTS radicals scavenging activity.
CONCLUSIONS:
Seed vigour properties, nutritional values, bioactive compounds and antioxidant activity in ricegrass significantly increased when FPH at 10 ppm was primed in the seeds. Phytic acid content significantly decreased during rice germination. In general, FRAP activity was higher than other antioxidant assays including ABTS and DPPH. To sum up, FPH priming could be used for improving seedling, secondary metabolite compounds and antioxidant activity. Therefore, ricegrass primed with FSH could be potentially applied to produce functional foods in the future.
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